in the French Mediterranean between Cannes and Saint-Raphaël. It was implemented to enhance target fish stocks for local fisheries. The objective of this 3-year study was to investigate the initial responses of fish assemblages, using complementary methods: experimental net fishing performed by a professional fisher and underwater visual census. Within 3 years, this study detected early changes in the fish assemblages. The methods also detected an increase in abundance and diversity of fish, but also a decrease of seasonal fluctuations of the assemblage structure, which was characterized by winter values close to summer values in the protected zone but not outside of the MPA. These results helped clarify the dynamic by which fish assemblages respond to fishing prohibition in a newly created protected area.
Introduction
In recent years, the number of Marine Protected Areas (MPAs) has increased rapidly. The new generation of MPAs is made up largely of multiple-use reserves accommodating many different stakeholders, each with their own set of objectives, which can include: (i) protecting biodiversity and habitats, (ii) facilitating the recovery of damaged areas, (iii) preserving threatened species, (iv) restocking overexploited marine species, and (v) supporting tourism and education (e.g. Agardy, 1994; Francour et al., 2001; Guidetti, 2002; Gell and Roberts, 2003; Halpern, 2003) . For fishery management, implementation of marine areas with a total prohibition on fishing (no-take areas) is considered to be the most relevant tool (Dugan and Davis, 1993; Olver et al., 1995; Sumaila, 1998; Jennings, 2001; Gell and Roberts, 2003) .
The effects of no-take marine reserves on fish assemblages are by now well studied. A "reserve effect", characterized by increased diversity, abundance, and fish size, has been described (e.g. García-Rubies and Zabala, 1990; Francour, 1994; Dufour et al., 1995; Halpern and Warner, 2002 ; but see Côté et al., 2001) . Another characteristic of the reserve effect, called the "buffer effect" and characterized by a decrease in seasonal fluctuations in the structure of fish assemblages, has also been described (e.g. Francour, 1994) .
However, few data are available about the dynamics by which fish assemblages respond to fishing prohibition. In previous studies, a reserve effect typically appeared within 5 -10 years (Gell and Roberts, 2003) , and some studies have highlighted earlier responses; for example, Russ and Alcala (1998) recorded an increase in biomass after 1 year of protection, and Halpern and Warner (2002) found general increases in density, biomass, and diversity within 1 -3 years.
The Cap Roux MPA, a no-take area, was established as a management tool by professional fishers in December 2003, to sustain local small-scale fisheries. It has been monitored since 2005. In this paper, we present the results of 3 years of monitoring of fish assemblages to assess the initial responses of fish assemblages to protection. Fish diversity, size, and abundance were compared in the protected and non-protected zones, using underwater visual census (UVC) and experimental fishing. Fish assemblage structure and seasonal variability were compared using a new UVC method, the fish assemblage survey technique (FAST). Guidetti (2002) stressed that spatial and temporal variability could confound or obscure any reserve effect in the surveys. As a result, it could be more difficult to detect and measure the expected effects of protection on commercial fish (target fish). The survey procedure accounted for these issues using spatial and temporal replication.
Material and methods

Study site
The 450-ha Cap Roux MPA is located between Cannes and Saint-Raphaël (northwestern Mediterranean, France) and extends from the shore to the 100-m isobath. All kinds of fishing (including professional fishing and recreational spearfishing and angling) are prohibited; until now, however, there has been no permanent surveillance. A 4-year period of protection for this zone began in December 2003. It was renewed in January 2008 for an additional 6-year period (with the agreement of fishers and administrative and scientific authorities). Regular seasonal monitoring began in winter 2005.
For the present study, three zones were considered: inside reserve (R), outside north (N), and outside south (S; Figure 1 ). In each zone, two stations were surveyed to allow spatial replication, an essential condition to avoid confusion in interpreting any difference between protected (R) and unprotected (N and S) areas. All sites display a similar biotope, with a mix of Posidonia oceanica seagrass beds and rocky areas (cliffs and seamounts) covered by photophilic algae and coralligenous concretions (Ballesteros, 2006) . All sampling sites belong to the same geographical and physical zone.
Sampling
Two methods were used to survey fish assemblages: UVC and experimental netting. The classical UVC methods, transects performed on hard substrata or seagrass beds, do not accurately sample large mobile species, i.e. most of the target species (Harmelin-Vivien and Francour, 1992) . Therefore, in addition to a classical transect method, we used a new method of UVC, the FAST, developed to take account of the main species targeted by small-scale fisheries.
FAST index
For each station, the data acquisition consists of six 15-min visual censuses covering all kinds of substrata (sand, seagrass, rock) between 0-and 20-m depth, along a random pathway using scuba diving. Censuses were spread over 2 days. The census is performed on a presence-absence basis and on a two-size-class basis (large fish, i.e. longer than two-thirds of the maximum size of each species, and small-medium fish, shorter than two-thirds of maximum size). The fish species included are all targeted by professional and/or non-professional fishers (e.g. netfishing, spearfishing, or angling; Table 1 ). The species and the number of censuses were chosen for the FAST to be a relevant, rapid assessment method. For each of the six censuses, a mean index (MI) was calculated by applying a different coefficient according to the species and/or the size of the individuals observed. Some key species receive a higher coefficient (x2) than others (x1). Key species were those with high commercial value or that are endangered. For some key species, only the largest size class received a high coefficient (x2; . The protected area is delimited by a solid line, the sampling stations are circled: two stations are located inside the protected zone (R1 and R2), two outside north (N1 and N2), and two outside south (S1 and S2).
Changes in fish assemblages in the Cap Roux MPA displayed the proportion of species for which the two size classes (small and large) were observed in the same census (SLP). A relative species richness (RSR) was calculated after pooling the six censuses. The MI is a proxy for density and size, whereas the CV of the MI gives an estimate of assemblage variability. The CI is a proxy for species richness and size distribution. MI and CI values are expressed as percentages of the maximum theoretical value (the value that would be obtained if all species and both size classes were observed). The CV and SLP are also expressed as percentages. The FAST index has been computed seasonally since the beginning of 2005 (spring 2005 is missing in N). For each zone, the FAST indices are calculated as the arithmetic mean of the two stations (geometric mean for the CV). An ordination of the FAST data by correspondence analysis (Benzécri, 1973; Hugh and Gauch, 1982; Greenacre, 1984; Digby and Kempton, 1987) was carried out. The 24 observations were characterized by the year of observation, season (cold and warm), and zone (R, N, and S), with two stations in each zone. To complete this approach and to observe the seasonal variability inside and outside the protected zone, a hierarchical clustering using Ward's method on Euclidean distance and a K-mean clustering were performed on the FAST normalized data. The number of classes for the K-mean was determined from the previous hierarchical clustering dendrogram. Correspondence analysis and clustering methods were performed using Statistica 6.1 (StatSoft).
Transect censuses
In addition to the FAST method, we surveyed fish along-transects, using the method described in Harmelin-Vivien et al. (1985) and Francour (1999) . Fish were counted along-transects 20 m long by 2 m wide in the P. oceanica meadow (10-m depth). Three size classes, defined by one-thirds of the maximum length of each species, were recorded. As for the FAST index, two stations were sampled for each zone (R, N, and S). Transect censuses were performed in the cold season (May 2007) , when the temperature is below 188C, and in the warm season (September 2007), when temperature is above 208C. A minimum of 10 transects was conducted at each station in May and 20 in September. One station is missing in the N zone in May 2007. For each station in each season, surveys covered more than 2 days with the same weather conditions. As independence of data cannot be guaranteed between the two sampling periods, seasons were analysed separately. Data were analysed using a nested design: stations were considered as a random factor nested in zones, the fixed factor. Inclusion of the three zones in the analysis allowed us to test for spatial trends along the coast, as well as spatial trends associated with protection from fishing. Total density, total biomass, species richness, and densities of the four main fish families (Labridae, Sparidae, Serranidae, and Mullidae) were analysed using analysis of variance (ANOVA) after appropriate transformations to reach homogeneity of variance. Post hoc comparisons were performed using Tukey's HSD test (Zar, 1999) . These analyses were performed using Statistica 6.1 (StatSoft). The Sparidae are mainly made up of targeted fish and the Labridae of non-targeted and prey fish. The Serranidae are predators that are targeted by recreational fishers, and the Mullidae by professional fishers.
Experimental fishing
To complement UVC and to produce data trusted by professional fishers, standardized experimental net fishing was also performed Experimental fishing was established at two stations inside the reserve and two outside, one N and one S. Total fish abundance and species richness per 100 m of netting section (n ¼ 6 per station) were compared for the different stations and zones. The six replicates were performed simultaneously. As for the transect censuses, the two seasons were analysed separately using ANOVA, after appropriate transformation. Differences were identified using Tukey's HSD test with Statistica 6.1 (StatSoft).
Abundance of fish per 100 m of netting section of the most abundant family was also compared using a nested ANOVA.
Results
Fish assemblage survey technique Index
For the MI, seasonal fluctuations were observed in all zones (Figure 2 ). Great differences between zones were not observed, however, except in winter 2006 and 2007, when values were slightly higher inside than outside the protected zone. The CI was higher inside than outside the reserve and was relatively stable inside the 
P. oceanica transects
No significant difference among zones was observed for total density, total biomass, or species richness in May or September 2007 (Table 2) . However, significant differences were found between stations for all three variables except for the total biomass in September (warm season). These between-station Table 2 . Comparisons of fish assemblages of P. oceanica beds between protected and non-protected zones.
Parameter Mean values (s.e.) Zone factor Station (zone)
Total biomass differences were the result of the outside-reserve stations, mainly N stations in May, but also S for the RSR. In September, these differences were mainly located in the S zone, but also in the R zone when testing the total density values. Differences among zones were observed for density of Sparidae in May and September and for density of Serranidae in September 2007. In May 2007, the highest Sparidae density was outside the reserve. However, in September 2007, the highest densities were inside the reserve for Sparidae and Serranidae. A difference between stations was observed in September for density of Labridae and was caused by the R and outside S stations.
Experimental netfishing
Fish abundance and species richness per netting section were significantly lower outside the reserve (p , 0.001; Table 3 ). Significant between-station differences were observed in October 2006 for species richness and fish abundance. These differences were the result of the two inside-reserve station observations. In June 2007, only the fish abundance recorded outside the reserve exhibited a significant difference between stations. Scorpaenidae were the most abundant, and few or no differences in density were observed between stations, whereas significant differences were observed in October and June between zones.
Discussion
Despite the popularity of marine reserves as a management tool, decisions on the design and location of most existing reserves have largely been the result of political and social processes (Francour et al., 2001; Halpern, 2003) . The implementation of the Cap Roux marine reserve by the professional fishers of the Saint-Raphaël Prud'homie de Pêche was a political decision. However, the MPA is located in a remote area (there are no buildings along the shore on this part of the coast), with shallow bays covered by dense P. oceanica beds and deeper, rocky areas covered by intact coralligenous concretions. These conditions allow the development of healthy benthic communities. The main objective of this study was to observe the dynamics of the fish assemblages following establishment of this protected area, because few such data on other areas were available, and none was from the Mediterranean.
The traditional UVC along transects did not reveal an evident reserve effect after 4 years of protection. Transects were performed only on P. oceanica seagrass beds; Francour (1994) pointed out that the reserve effect is less evident for fish assemblages in P. oceanica meadows than in rocky areas. Conversely, they exhibit a buffer effect, characterized by a decrease in seasonal fluctuations in biomass, density, or diversity. Although total density and richness did not respond significantly to protection, two fish families seemed sensitive to protection in the last survey (autumn 2007), Sparidae and Serranidae. Both are targeted by professional and non-professional fishers. Biomass, species richness, and total density exhibited some fluctuations in the N and S zones, and the lower variation observed inside the reserve for these variables could be caused by an early buffer effect. As many of the fish sampled by this method are not targeted by fishers, the fishing pressure could have been expected to demonstrate indirect effects through trophic cascades (Pinnegar et al., 2000) . In the present study, target fish (Sparidae, Dentex dentex, Serranidae, and Scorpaenidae) are primarily predators. An increase in abundance of these fish, as observed by UVC and experimental fishing (at least for the Scorpaenidae), could affect the density and species richness of lower trophic levels (i.e. Symphodus spp. and microphagous fish such as Chromis chromis or Boops boops).
The two other survey methods, FAST and experimental fishing, demonstrated stronger reserve effects than UVC on P. oceanica. The CI was always higher and less variable inside the reserve than outside (N and S). However, the MI was not clearly different between the three zones. This means that, after pooling stations, there were more species or larger fish inside the marine reserve than outside it, but this was variable, as demonstrated by the high values of CV. These results were supported by the results of ordination and clustering, in which season seemed to be the main factor explaining the difference between classes of FAST observations. Little difference was observed between the protected and the non-protected zones during the warm season. However, for cold-season observations, the pattern is different inside and outside the protected zone. The observations made inside the reserve in the cold season clustered close to the warm-season observations, whereas outside the reserve, cold-and warm-season observations clustered separately. This confirms previous results that revealed that the main effect of this early protection on the fish assemblage is a decrease in seasonal fluctuations inside the MPA.
Seasonal fluctuations in fish assemblages in the Mediterranean are typical in winter, owing to changes in bathymetric distribution, as observed for Mullus surmuletus by Machias et al. (1998) and for Diplodus annularis and Sarpa salpa by Francour (1997 The fish abundance is expressed as the mean number of fish per 100 m netting section, and the species richness as the mean number of fish species or the mean number of Scorpaenidae per 100 m netting section. Data for two zones, reserve (R) and outside reserve (OR), were tested by analysis of variance, and differences were identified by Tukey's HSD test. For the Station (zone) factor, post hoc results are given after p-value in the table.
1983): species could be less active, hidden, or aggregated in specific sites during winter. Diel variations of the fish assemblage could also change over the year, as proposed by Nash and Santos (1998) . These processes could lead to decreased density and richness values in UVC but also for fishing gears. Two main considerations led us to use experimental fishing: first, to survey a part of the fish assemblage that is difficult to sample with UVC (such as nocturnal and homochromic species); and second, to use a method trusted by professional fishers. In the trammel-nets, the most abundant fish were Scorpaena spp., species that are difficult to sample with UVC. The other genera were mainly Spondyliosoma, Diplodus, and Muraena. Important differences were measured for the total abundance, species richness, and Scorpaenidae density between zones. Very low values were recorded outside the MPA. These differences were more important in June 2007 than October 2006. This trend is consistent with the high fishing pressure exerted outside the reserve (unpublished data from the Saint-Raphaël Prud'homie de Pêche). The total prohibition of fishing inside the reserve, even if some poaching is both possible and probable, allowed us to observe a clear reserve effect with this method for both seasons, with more evidence in June 2007.
The increase in abundance and size of target fish observed by the FAST method and experimental fishing provided a good indicator of an early reserve effect. Even if spillover processes are not yet visible, as in older MPAs (e.g. Abesamis et al., 2006) , these results allowed us to convince professional fishers of the usefulness of such MPAs and to extend the protection for 6 years.
In conclusion, two methods highlighted an early reserve effect: (i) experimental fishing yielded significantly higher density and species richness inside the protected zone, and (ii) the FAST method indicated a decrease in seasonal fluctuations within the Cap Roux MPA. Fishing pressure is not constant throughout the year as a consequence of weather conditions and market demand for fish. Perhaps a combination of migration and fishing pressure during the warm season leads to a decrease in richness and/or density during the beginning of the cold season, and this could explain the seasonal patterns of differences observed between the protected zone and outside it.
